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NO. 5142 P. 18 



IN THE UNITED STATES PATENT 
AND TRADEMARK OFFICE 




Serial No. 



10/790,959 



Applicant 



Taketnori TAKAYAMA 



Filed 



March 1, 2004 



For 



ROLLING ELEMENT AND METHOD 
OF PRODUCING THE SAME 



Art Unit : 1742 

Examiner : Deborah YEE 

Docket No. : 03773 /HG 

Confirm. No-: 2156 

Customer No.: 01933 



The owner of a 100% interest in the above -identified present 
application, namely, the Assignee of record: 

Assignee: KOMATSU LTD. 

Assignment recorded on: March 1, 2004 



hereby disclaims, except as provided below, the terminal part of 
the statutory term of any patent granted on the above -identified 
present application, which extends beyond the full statutory term 
defined in 35 USC 154 to 156 on any patent granted on the 
following commonly owned pending patent application: 

Patent Appln. Ser. No.: 10/790,931 
Filing Date: March 1, 2004 

Any patent granted on the above-identified present 
application shall be enforceable only for and during such period 
that the patent granted on the above -identified present 
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application is commonly owned with any patent granted on said 
commonly owned pending patent application. 

This Agreement is to run with any patent granted on the 
above- identified present application and to be binding upon the 
grantee, its successors or assigns. 

In making the above disclaimer, there is no disclaimer of 
the terminal part of any patent granted on the above- identified 
present application that would extend to the expiration date of 
the full statutory term as defined in 35 USC 154 to 156 of any 
patent granted on said commonly owned pending patent application 
in the event that said granted patent later: expires for failure 
to pay a maintenance fee, is held unenforceable, is found invalid 
by a Court of competent jurisdiction, is statutorily disclaimed 
in whole or terminally disclaimed under 37 CFR 1,321, has all 
claims cancelled by a reexamination certificate, is reissued or 
is in any manner terminated prior to the expiration of its full 
statutory term. 

The undersigned is empowered to act on behalf of the 
Assignee . 

I hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001, of Title 18 of the 
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United States Code and that such willful false statements may 
jeopardize the validity of the application or any patent issued 
thereon. 



Date : JUNE 30, 2006 By 



Richard S. Barth 
Reg. No. 28,180 
Attorney of Record 



-3- 
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Maruzen Co., Ltd. 
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THIRD EDITION IRON AND STEEL HANDBOOK Vol I FUNDAMENT ¥28,000 

Dale of issuance: June 20, 1981 



Edited by: Iron and Steel Institute of Japan 
Publisher: Shingo Iizumi 

Publication Office: Mamzen Co., Ltd. 
103 Nihonbashi2-3-10 > Chuo-ku, Tokyo Japan 
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Table 7 17 Fe-C-M ternary carbide 



M 6 C type 



M 2 3C 6 type 



M 7 C 3 type 



Fe 4 Mo 3 C to Fe 3 Mo 3 C, Fe 4 W 3 C to Fe 3 W 3 C 
(Co 3 W 3 C, Ni 3 W 3 C) 



Fe ?1 Mo 2 C 6 , Fe 21 W 2 C s 

(Cr, Fe) 23 c 6 [Carbide formed by replacing Cr of Cr 23 C 6 with Fe] 
(Mn, Fe) 23 C 6 [Carbide formed by replacing Mn of Mn 23 C 6 with FeJ 



<Cr, Fe) 7 C 3 t Carbide formed by replacing Cr of Cr 7 C s with Fe] 
(Mn,Fc) 7 c 3 [Carbide formed by replacing Mn of Mn 7 C 3 with Fe] 



(iv) Tendency of carbide formation and equilibrium in alpha 

iron-cementite phase 

Bain presented a concept of the tendency of carbide 
formation derived from magnitudes of distribution ratios of 
alloy elements between a carbide phase and an iron-based phase 
and thought that the decreasing order of tendency was Ti, Zr, 
Nb, V, Ta, W, Mo, Cr, Mn, (Fe) , Ni, Co, Al and Si. 

Sato et al. 52 ' 53 ' derived distribution ratios of alloy 
elements between an alpha iron phase and a cementite phase in 
an equilibrium state at 700°C by adding each alloy element 
singly to the limit below which special carbide was not formed 
in steel containing 0.5 to 1.0% of carbon (C) . Their results 
are shown in Figure 7-42 . Cr, Mn, V, Mo and W, which are elements 
having the large tendency of carbide formation, are 
concentrated in cementite, and Cr and Mn are particularly high 
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in this tendency. On the contrary, Si, Co and Ni are hardly 
distributed in cementite and most of these metals are dissolved 
in an alpha iron in solid solution form. A ratio between the 
concentrations (distribution coefficient) of each alloy 
element dissolved in solid solution form in a cementite phase 
and an alpha iron phase, respectively, is shown in Table 7-16. 
A decreasing order of the distribution coefficient is Cr, Mn, 
V, Mo, W, Ni, Co and Si, and this order is not necessarily 
consistent with the order of the tendency of carbide formation 
shown by Bain. This order of the distribution coefficient is 
a measure of stability of cementite type carbide (Fe, M) 3 C formed 
by replacing the third element. A strong element to form MC 
carbide does not necessarily have a large distribution 
coefficient of P/ct. 

The distribution coefficient gradually approaches 1 as 
temperature increases, and its temperature dependence becomes 
an Arrhenius type. But, in Mn, Cr and the like, their 
distribution coefficients become extraordinarily large beyond 
their predictions as temperature decreases, and on the other 
hand, in Co, their distribution coefficients sharply become 
small as temperature decreases. With respect to the reason for 
this, Kouet al. 54 ' 55 ' invest igated the distribution coefficients 
at below 700°C and made clear that this occurs due to the large 
temperature dependency of the stability parameter (AGM a/TF6 ) of 
ferrite-austenite, and it results from the f erromagnetism of 

2 
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the alpha phase. 

(v) Solubility limit of M and iron in cementite and special 
carbide 

Fe 3 C-Mn 3 C, Fe 3 C-Co 3 C, and Fe 3 C-Ni 3 C form complete solubility 
in the solid state. However, phases of Ni 3 C and Co 3 C are 
metastable phases as shown in Figure 7-39. In (Fe, M) 3 C, the 
tendency of M to be substituted for Fe is as follows: 

Cr (16%) > Mo (1.8%) > W (1.3%) > V (0.6%) > Ti (1.1%) > Nb, 
Ta (trace) , 

and Zr and Hf are hardly substituted for Fe 53 ' 55) . This tendency 
is well understood from the difference between M' s and iron's 
atomic radii 55 ' . 

Ternary composition carbide other than cementite is shown 
in Table 7-17. In addition, iron is hardly dissolved in solid 
solution form in special carbide of MC. 



3 
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